A non-standard teleportation scheme is proposed, wherein probabilistic teleportation is achieved in conventionally non-teleporting channels. We make use of entanglement monogamy to incorporate an unknown state in a multipartite entangled channel, such that the receiver partially gets disentangled from the network. Subsequently, the sender performs local measurement based teleportation protocol in an appropriate measurement basis, which results with the receiver in the possession of an unknown state, connected by local unitary transformation with the state to be teleported. This procedure succeeds in a number of cases, like that of W and other non-maximally entangled four qubit states, where the conventional measurement based approach has failed. It is also found that in certain four particle channels, the present procedure does not succeed, although the conventional one works well.
I. INTRODUCTION
One of the intriguing features of quantum mechanics is entanglement, which has been exploited to carry out a number of computational and information processing tasks, which are otherwise impossible. These include teleportation of an unknown quantum state [1] , superdense coding [2] , entanglement swapping [3] , secret sharing [4] , quantum cryptography [5] , secure quantum conversation [6] , non-destructive discrimination of entangled state [7] and many other operations [8] . Teleporation is a spectacular application of entanglement, where information about an unknown state can be teleported, with complete fidelity, to a distant receiver in an entangled channel. In the celebrated teleportation protocol of Bennett et al. [1] , the sender Alice performs a joint Bell measurement, involving the unknown qubit and her own state. Subsequent to the measurement, Alice's measured state decouples from the receiver Bob, leaving his state in an unknown superposed state, connected by a local unitary transformation with the desired state. Suitable classical communication from Alice, depending on the experimentally projected states, enables Bob to retrieve the exact state, after applying the required unitary transformation. This measurement based teleportation protocol (MBTP) has found experimental verification [9, 10] and has been extended to a number of multi-partite entangled channels [11] [12] [13] [14] [15] [16] , for teleportation of single and multi-qubit unknown states. As is evident, the nature of entanglement plays a crucial role in MBTP. Whereas the maximally entangled Bell state can teleport with certainty using LOCC, the corresponding non-maximally entangled channel can achieve the same probabilistically. It is known that, if the shared resource is a non-maximally entangled state then one has to follow a scheme, in which teleportation of a qubit is possible with unit fidelity and non-unit probability [17] . In case of three particles, it has been found that the three particle GHZ state can teleport successfully, whereas the W-state fails completely [18] in the sense that, the measurement basis at the sender's end necessarily depends on the state to be teleportated. In general, the three particle state can be categorized into two classes from the consideration of teleportation [19] , whereas the four particle states form nine classes under SLOCC [6, 20, 21, 23] . It is worth mentioning that a number of schemes have been designed to make W and related states useful for teleportation [24] [25] [26] . In the proposal of Ref. [24] , teleportation can be successfully realized with a certain probability, if the receiver adopts an appropriate unitary-reduction strategy, without using local operation. In the scheme of Ref. [25] , a sender performs positive operator valued measurement (POVM) to realize teleportation of the single particle state, when the channel is shared between three parties. After the first party measures his state, the channel breaks up into a two particle state, which can be used for probabilistic teleportation. In Ref. [26] probabilistic teleportation of an unknown two particle entangled state has been carried out through W-state as the entangled channel, wherein the receiver measures one of his particle before the unitary transformation and then adds an ancilla to get the desired state through local operation and POVM. Teleportation for the purpose of quantum information splitting in four and higher particle particle states have been investigated [27] , where a number of four particle entangled states have been found unsuitable for the same. In this paper, we present a non-standard teleportation scheme, in which probabilistic teleportation is achieved in several conventionally non-teleporting channels, like that of W and other non-maximally entangled four qubit states, where the conventional measurement based approach has failed. It is also found that, in certain four particle channels the present procedure succeeds probabilistically, although the conventional approach works deterministically. We make use of the monogamy property of the entangled channel [28] , because of which the incorporation of an unknown state into a quantum communication network, partially decouples the sender from the network, leaving the receiver in a state unitarily equivalent to the unknown one. Subsequent measurement at Alice's end, involving either computational basis or entangled basis yields the desired information to be classically communicated to Bob for implementation of the necessary local operations. The paper is organized as follows. In the following section, we explicate the present approach through the Bell state and then proceed to the three particle W-state, to show probabilistic teleportation. Sec. III is devoted to the study of teleportation in a number of four particle states, earlier found unsuitable for teleportation through conventional MBTP approach. We conclude in Sec. IV, after pointing out a number of directions for future work.
II. PROBABILISTIC TELEPORTATION THROUGH W-STATE
We start with the illustration of the present approach, using Bell state |Ψ
(|00 + |11 ) AB as a quantum channel, between Alice and Bob. For this purpose any type of Bell state can be used. At the Alice end, one can incorporate the unknown state α|0 + β|1 , ( |α| 2 + |β| 2 = 1) to the entangled channel, through the application of a control-NOT operation, with unknown state as control qubit and the first particle of |Ψ + AB as target. Alice then applies a Hadamard operation on the first qubit. In this process, Alice is projected onto computational basis, leaving Bob with the possession of an unknown state, unitarily connected with the state to be teleported. Subsequent uncorrelated von Neumann measurement by Alice and communication of the same in a classical channel through two c-bits, enables Bob to apply local unitary transformations on his state to recover the desired state. For the Bell state, this present protocol and the conventional measurement based approach [8] yield identical result. However, as will be explicitly seen below, the same is not true for multi-partite cases. We now proceed to study the utility of W-state for teleportation using the present scheme.
A. Probabilistic Teleportation of single qubit unknown state through |W state For the |W state,
the particles 2 and 3 belong to Alice and the particle 4 belongs to Bob. With addition of the unknown state at Alice's end, the quantum channel takes the form,
For the incorporation of the unknown state into the entangled channel, Alice applies a control-NOT, with particle 1 as control qubit and particle 2 as the target. Subsequently, a Hadamard gate on the first qubit is applied by Alice, which leads to,
Alice then performs a three particle measurement on her qubits in the computational basis and communicates the obtained result to Bob, so that he carries out the required operations on his qubit to get the desired state. It is evident that teleportation is possible, only if the measurement outcomes are |010 123 , |000 123 , |110 123 and |100 123 and fails completely if the outcomes are |001 123 , |101 123 , |011 123 and |111 123 . Hence probability of teleportation is half. It can be check that for the GHZ state this protocol works deterministically.
B. Teleportation of two qubit non-maximally entangled unknown state through |W channel
We now proceed for the probabilistic teleportation of two qubits through W-state. It has been known that probabilistic teleportation of an unknown two qubit entangled state can be carried out through W-state as the entanged channel, if Bob measures one of his particle before the required unitary transformation [26] . In the present scheme, teleportation occurs without the interaction of Alice's qubits with Bob's qubits. In present procedure, general unknown two-qubit state cannot be teleported using W-state as a quantum resource [27] , however probabilistic teleportation of non-maximally entangled two qubit state of the type: |Ψ 12 = α|00 + β[|01 + |10 ] is possible ( |α| 2 + 2|β| 2 = 1). We assume that particle 3 belongs to Alice and the particles 4,5 belong to Bob:
Now Alice applies a control-NOT on 3 as target qubit and 2 as control qubit and subsequently another control-NOT is applied with 3 as target qubit and 1 as control qubit. After that Alice carries out a measurement on the qubit 3 in computational basis:
or
Teleportation is possible if the measurement outcome is |1 3 and fails if it is |0 3 . In the former case, Alice applies a Hadamard on qubit 1 and then measures qubit 2 in computational basis, leading to two outcomes:
It is clear that, teleportation is possible if the measurement outcome is |0 2 and fails if it is |1 2 . In case of the first outcome, Alice measures qubit 1 in computational basis and sends the results of her measurement outcome to Bob, so that he can make the required local operations to get the desired state. In the It is interesting to note that, when Alice fails to teleport the non-maximally entangled unknown two qubit state, she can regain this unknown two qubit state, with certain probability, by a classical communication with Bob about the failure of teleportation. Bob then applies a Hadamard operation on particle 5, followed by a measurement of his two particles in computational basis. In table 2, outcomes of the measurement of Bob in computational basis are shown. In table 2, if the outcome of Bob's measurement is |01 or |00 , then Alice applies required unitary transformations to obtain the desired state with probability 1/2 and one-cbit of classical communication. 
III. TELEPORTATION THROUGH QUADRIPARTITE STATE
On the basis of SLOCC classification, four particle states have been classified into different types [20, 21, 23] . We consider a subset of states from this classification and investigate the possibility of implementing the present protocol of teleportation. These states are:
and
In the conventional MBTP approximation, teleportation of unkown one qubit state through |P 1 and |P 2 and two qubit non-maximally entangled state through |P 1 and |P 2 , has failed, whereas the present protocol results in a probabilistic teleportation. We note that |P 3 and |P 4 carry out faithful teleportation of single qubit, by standard protocol [22] . It will be seen that, by applying local operations teleportation becomes probabilistic.
Teleportation of single qubit unknown state through |P1 state
We start with,
where the particles 3, 4 and 5 belong to Alice and the particle 6 belongs to Bob. With the addition of unknown state of one qubit at the Alice's end, the state can be written as, 
It is not possible to rewrite the above state in appropriate orthogonal measurement basis at the Alice's end, leaving it unsuitable for teleportation through standard protocol. Probabilistic teleportation can be done by using local operations. Alice applies control-NOT with 1 as a control qubit and 4 as a target qubit and then another control-NOT, with 2 as a control qubit and 3 as a target: 
Now Alice measures 1, 2 and 3, 4 successively in Bell basis:
which respectively yields,
It is clear that teleportation is possible only for (18), (21) and not for (19) and (20) . For successful teleportation Alice communicates the result to Bob through classical channel by one-cbit, so that he can make the required operations on his qubits, to get the desired state. Probability of success is half.
Teleportation of two qubits unknown state through |P1 state
It is known that a general unknown two-qubit state cannot be teleportated using |P 1 as quantum resource. Probabilistic teleportation of two qubit non-maximally entangled state α|00 + β[|01 + |10 ] is possible by using local operations at Alice's end (|α| 2 + 2|β| 2 = 1). We assume that the particles 3, 4 belong to Alice and the particles 5, 6 belong to Bob: 
First, Alice applies a control-NOT with 1 as control qubit and 4 as the target qubit and then another control-NOT with 2 as control qubit and 4 as target qubit. Subsequently, she takes 3 as control qubit and 4 as target qubit for applying her last control-Not operation. Alice now performs a von Neumann measurement on particle 4 to obtain, 
She then sends the result to Bob so that he can make the required operations on his qubit to get the desired state. When she fails to teleport the non-maximally entangled unknown two qubit state, she can regain this state with certain probability by measuring particle 3 in computational basis. If outcome is |0 3 she classically communicates to Bob, Bob then applies a Hadamard on particle 6, followed by a measurement of his two particles in computational basis (as given in table 4). Alice can regain the desired unknown state only if the outcome of Bob's measurement is |00 56 or |01 56 and fails for |11 56 or |10 56 . Bob will send the information about his measurement through one c-bit. Here probability of success is 1/4. 
A. Teleportation Through |P2 state
Teleportation of single qubit unknown state through |P2 state
Now we consider |P 2 state as the entangled channel,
Here the particles 3,4 and 5 belong to Alice and the particle 6 belongs to Bob. With the addition of unknown state of 1 qubit at the Alice's end, the quantum channel takes the form,
Alice applies a control-NOT with 4 as target qubit and 1 as control qubit and then applies a Hadamard on 1. Subsequently, Alice measures qubit 3 through von Neumann measurement, resulting in 
Teleportation is possible if the result is |0 3 and fails if it is |1 3 . Alice performs a measurement of qubit 4 in computational basis, followed by the measurement of qubit 1 and 5 together in computational basis (|00 15 , |10 15 , |01 15 and |11 15 ) and sends the information to Bob about her measurement by 2 cbit. Bob performs unitary transformation to get the desired state.
Teleportation of two qubit unknown state through |P2 state
For two qubit teleportation through |P 2 state, we consider the general unknown state,
where |α| 2 + |β| 2 + |γ| 2 + |δ| 2 = 1 Probabilistic teleportation is possible by applying local operations only if α=β and γ = δ and it is worth mentioning that through standard protocol even if α=β and γ = δ teleportation may not be possible. Alice applies control-NOT with 4 as target qubit and 1 as control qubit and control-NOT with 4 as target and 2 as control qubit. Subsequently, Alice performs von Neumann measurement of qubit 4, followed by another von Neumann measurement of qubit 3: Teleportation is possible with (31), (34) and not with (32), (33). For teleportation through (34), Alice applies Hadamard on particle 2 and measures both the particles in computational basis. Teleportation is successful for the outcome |00 and |01 and fails for |11 and |10 . If Alice gets (31), then she needs to measure (31) in the basis given below,
Alice then sends the outcome of the measurement to Bob as given in table 5, so that he can carry out the required unitary operations to get α(|00 + |11 ) + γ(|01 + |10 ). 
Teleportation through |P3 and |P4 states
Teleportation of single qubit through |P3 state
We now consider |P 3 as the quantum channel,
The particles 3,5 and 6 belong to Alice and the particle 4 belongs to Bob. With the addition of the unknown state of one qubit at Alice's end, the quantum channel takes the form, Above state leads to faithful teleportation by the standard protocol. It will be seen that by applying local operations teleportation becomes probabilistic. In the present case, Alice applies control-NOT with 1 as control qubit and 3 as target qubit and another control-NOT, with 1 as control and 4 as target qubit. Then Alice applies Hadamard on particle 1:
After that Alice performs a measurement in computational basis on her qubits and conveys the result to Bob so that he can make the required operations on his qubits to get the desired result. In this case probability of success is one-third. As is evident states |0000 1345 , |1000 1345 , |0011 1345 or |1011 1345 results in successful teleportation, while remaining fails.
Teleportation of single qubit through |P4 state
Now we consider |P 4 as the entangled channel,
where the particles 3,4 and 5 belongs to Alice and the particle 6 belongs to Bob. With the addition of unknown state of one qubit at the Alice's end, the quantum channel takes the form, 
Like the previous state, the above state leads to faithful teleportation by standard protocol and through local operations teleportation becomes probabilistic. Alice applies control-NOT with 1 as control qubit and 5 as target qubit. Subsequently, Alice applies Hadamard on qubit 1 and measures particle 1 in computational basis. Teleportation is possible if the outcome is |1 1 and fails if it is |0 1 . The state, if the measurement outcome is |1 1 , is given by,
|1110 )(α|1 − β|0 ) + (|1111 )(α|0 − β|1 ) + (|0111 )(α|0 + β|1 ) +(|0110 )(α|1 + β|0 ) + α|00000 + α|10000 + α|01011 + α|11101 + β|00010 − β|10010 + β|01011 − β|11011 ].
Alice now performs a measurement in computational basis on her qubits and passes the results to Bob, so that he can make the required operations on his qubits to get the desired state. In this way, we can see that local operation leads to probabilistic result. For a general two qubit state, teleportation is not possible by standard protocol and also through the present scheme.
IV. CONCLUSION
In conclusion, we have demonstrated the usefulness of tripartite W-state and different quadripartite entangled states as quantum resource for teleportation using an unconventional teleportation scheme. We make use of entanglement monogamy [28] to incorporate an unknown state in a multipartite entangled channel, such that the receiver partially gets disentangled from the network. We hope this procedure finds experimental verification. W-state and a number of four particle entangled states earlier found unsuitable for teleportation, can teleport probabilistically through this scheme. It is also found out that for certain four particle channels, the present procedure does not succeed, although the conventional approach works well.
